Repeated monitoring for escaped transgenic crop plants is sometimes necessary, especially in cases when the crop has not been approved for release into the environment. Transgenic oilseed rape (Brassica napus) was detected along roadsides in central Japan in a previous study. The goal of the current study was to monitor the distribution of transgenic oilseed rape and occurrence of hybridization of transgenic B. napus with feral populations of its closely related species (B. rapa and B. juncea) in the west of Japan in 2005. The progenies of 50 B. napus, 82 B. rapa and 283 B. juncea maternal plants from 95 sampling sites in seven port areas were screened for herbicide-resistance. Transgenic herbicide-resistant seeds were detected from 12 B. napus maternal plants growing at seven sampling sites in two port areas. A portion of the progeny from two transgenic B. napus plants had both glyphosate-resistance and glufosinate-resistance transgenes. Therefore, two types of transgenic B. napus plants are likely to have outcrossed with each other, since the double-herbicide-resistant transgenic strain of oilseed rape has not been developed intentionally for commercial purposes. As found in the previous study, no transgenic seeds were detected from B. rapa or B. juncea, and more extensive sampling is needed to determine whether introgression into these wild species has occurred.
INTRODUCTION
As the amount of transgenic crops that are cultivated, transported and used for food and feed had markedly increased in the last decade (ISAAA, 2006) , accumulation of information about escaped transgenic crop plants is required for assessment and management of ecological risks posed by these transgenic plants (EFSA, 2004) . Most of the commercially grown transgenic crop plants are not invasive or persistent, and introduced traits such as herbicide-, disease-or pest-resistance in these plants are thought to have little effect on their fitness in natural habitats, suggesting that they have extremely restricted potential for ecological effects (e.g., Crawley et al., 2001) . Some crop plants, however, such as Brassica napus L., B. rapa L. and B. juncea (L.) Czern., are able to escape and survive as agricultural weeds in natural habitats (OECD, 1997) . In Japan, these Brassica species have been imported since ancient times to be used mainly for food processing and some of them are feral at present: populations of these Brassica species are often found growing outside cultivated areas, e.g. along roadsides and riverbanks, as in other countries (OGTR, 2002; Saji et al., 2005) , although the self-perpetuation of these populations has not yet been demonstrated in Japan.
Three types of herbicide-resistant transgenic oilseed rape (B. napus) have been approved to be imported into Japan: glyphosate-, glufosinate-and bromoxynil-resistant varieties, and only one has been approved for cultivation (glyphosate-resistant). Glyphosate resistance is conferred by a single genetic construct containing two genes: one encoding a herbicide-insensitive 5-enolpyruvylshikimate-3-phosphate synthase from Agrobacterium sp. CP4 (CP4 EPSPS) (Barry et al., 1992; Padgette et al., 1995) , the target enzyme for glyphosate (Comai et al., 1985) , and the other encoding glyphosate oxidoreductase, an enzyme M. Aono et al. that degrades glyphosate (Barry and Kishore, 1995) . Glufosinate resistance is conferred by a single bar gene encoding phosphinothricin-N-acetyltransferase (PAT), an enzyme that inactivates glufosinate (Thompson et al., 1987) . Additionally, the male-sterility trait was introduced into the glufosinate-resistant variety by inserting the barnase gene, isolated from Bacillus amyloliquefaciens (Mariani et al., 1990) . The barnase gene encodes a ribonuclease that is expressed only in the tapetum cells of the pollen sac during anther development under the control of a tapetum-specific promoter. The ribonuclease affects RNA production, disrupting normal cell functioning and arresting early anther development, thus leading to male sterility. Male sterility of the glufosinate-resistant variety can be restored by the barstar gene, also isolated from Bacillus amyloliquefaciens (Mariani et al., 1992) . The barstar gene encodes a ribonuclease inhibitor that specifically inhibits barnase ribonuclease. Thus, a barnase/barstar hybrid line that can develop normal anthers and has restored fertility can be produced by a pollination control system: crossing two lines of the glufosinateresistant variety that also bear either barnase or barstar. The glufosinate-resistant varieties with barstar and/or barnase in addition to bar have been approved to be imported into Japan. Bromoxynil resistance is conferred by a single bxn gene isolated from the bacterium Klebsiella pneumoniae (subsp. ozaenae), which encodes a nitrilase enzyme that hydrolyzes oxynil herbicides, ioxynil and bromoxynil, to non-phytotoxic compounds (Stalker et al., 1988) .
Little oilseed rape is cultivated in Japan at present, so most of the oilseed rape consumed in Japan is imported. Although the glyphosate-resistant B. napus has been approved for cultivation, importation, and distribution as food, no transgenic B. napus has been commercially cultivated in this country. According to the trade statistics of the Japanese Ministry of Finance, of 2.3 Mt of oilseed rape imported into Japan in 2004, approximately 73% was imported from Canada, 27% was imported from Australia, and less than 0.002% each were from United States and Poland. Roughly 77% of Canada's oilseed rape was derived from transgenic varieties in (USDA, 2005b . Of the total B. napus grown in Canada in 2001, 47% was glyphosate-resistant, 13% was glufosinate-resistant and less than 1% was bromoxynil-resistant (Warwick et al., 2004) . The former two herbicide-resistant varieties are grown not only in Canada but also in United States (ISAAA, 2006) , however, very little oilseed rape was imported into Japan from United States as described above. With regard to Australia, Biotechnology Australia (http://www.biotechnology.gov.au/), an Australian Government Initiative, and USDA (2005a) stated that transgenic oilseed rape has been approved for commercial release in 2003 in Australia, but was not widely grown there. Accordingly, herbicide-resistant transgenic oilseed rape distributed in Japan is thought to be chiefly glyphosate-resistant and glufosinate-resistant varieties imported from Canada. In this study, we focused on these two varieties.
Feral B. napus plants with glyphosate-or glufosinateresistance transgenes have been found since 2003 in several areas where major ports exist in Japan (Saji et al., 2005) . It is thought to be inevitable that transgenic oilseed rape plants with herbicide resistance, sometimes with multiple resistance as a result of spontaneous intraspecific crossing, will be found growing at locations within and outside cultivated areas in countries such as Canada where herbicide-resistant transgenic oilseed rape are widely cultivated (Beckie et al., 2003; Friesen et al., 2003; Hall et al., 2000) . On the other hand, since transgenic oilseed rape plants have not been commercially cultivated in Japan, their feral presence was probably a result of spillage during transportation (Saji et al., 2005) . Outcrossing rates between 12% and 47% can occur between adjacent plants in B. napus, while the rates of crosses between B. napus and B. rapa have been reported to be from less than 1% to over 90%, depending on the experimental design, and those between B. napus and B. juncea have been reported to be about 3% (Becker et al. 1992; Bing et al., 1996; Jørgensen et al., 1996; reviewed in OGTR, 2002) . These observations indicate that intraspecific outcrossing and hybridization between B. napus and two other Brassica species does occur under field conditions. Hybrids between B. napus and B. rapa and between B. napus and B. juncea were male-fertile and produced seeds although their fertility was lower than their parents (Bing et al., 1996) , so the possibility of genetic introgression between B. napus and two other Brassica species exists. Therefore, it is necessary to monitor for the presence of transgenic oilseed rape plants and transgenic wild relatives to understand the extent of transgene introgression into feral and wild Brassica populations in Japan. Our previous investigation covered the central part of Japan, mainly the Kanto district (Saji et al., 2005) . In the present study we investigated oilseed rape and closely related species growing at several port areas in western Japan, including roadsides and riverbanks behind the ports. We demonstrated the presence of oilseed rape plants with both glyphosate-resistance and glufosinate-resistance transgenes, suggesting the onset of intraspecific flow of the transgenes in the current habitats of feral oilseed rape plants. The progeny of 415 maternal plants of three Brassica species growing at 95 sampling sites in seven port areas in the west of Japan were screened by herbicide treatment of a total of about 1800 B. napus, 1600 B. rapa and 6500 B. juncea seedlings grown from the collected seeds (Tab. 1), and also by immunochemical analyses of portions of the collected seeds. A total of 12 B. napus maternal plants growing at seven sampling sites in two port areas had herbicide-resistant progeny. All of the herbicideresistant seedlings had morphological characters of B. napus, such as bold white veins, whitish shiny leaf surface and leaf margin divided into two parts. Five plants growing at four sampling sites had glyphosate-resistant seeds, five plants growing at four sampling sites had glufosinateresistant seeds and two plants growing at one sampling site had both glyphosate-resistant and glufosinate-resistant seeds ( Fig. 1a and Tab. 2). The proportion of sampling sites with herbicide-resistant seeds to the total number of sampling sites was 0.07 (seven positive sampling sites out of 95 sampling sites), while it was 0.15 (22 positive out of 143) in the central area of Japan in 2004 (Saji et al., 2005) . As described in the introduction, nearly 100% of oilseed rape consumed in Japan is imported. In 2004, approximately 73% of the total oilseed rape imported into Japan was from Canada, and roughly 77% of total oilseed rape produced in Canada was transgenic herbicide-resistant varieties (USDA, 2005b) . Thus, about half of the oilseed rape imported and distributed in Japan in 2004 is thought to have been transgenic herbicide-resistant. The proportion of transgenic herbicide-resistant B. napus maternal plants found in this investigation was 24% of total B. napus maternal plants, which is lower than this value, probably because not all of B. napus maternal plants were derived from recently imported seeds.
The existence of transgenes cp4 epsps for CP4 EPSPS, which confers resistance to glyphosate (Barry et al., 1992; Padgette et al., 1995) , and/or bar for PAT, which confers resistance to glufosinate (Thompson et al., 1987) , in the seedlings that survived herbicide treatments was confirmed by PCR using specific primers (Tab. 3). PCR products of 320 bp and/or 330 bp were obtained using a part of a leaf of the glyphosate-resistant and/or the glufosinate-resistant seedlings, respectively ( Fig. 2a and  2b ). The nucleotide sequence of the PCR product obtained by using cp4 epsps primers was identical to a part of the DNA sequence for a cp4 epsps gene registered in INSD (the International Nucleotide Sequence Databases) as plural entries, for example, as accession no. I44001. Similarly, the sequence of the PCR product obtained by using bar primers was identical to a part of the sequence for a bar gene, registered in INSD as plural entries, for example, as accession no. X05822. Existence of the herbicide-resistance proteins in the collected seeds was also confirmed by the immunochemical method ( Fig. 2c  and 2d ). All of the maternal plants shown in Table 2 were found to have the corresponding herbicide-resistance protein(s), as well as the transgene(s) for each herbicide resistance, in the leaves of their progeny seedlings (data not shown).
Transgenic seeds were detected in Yokkaichi and Hakata areas out of the seven port areas that we investigated ( Fig. 1 and Tab. 2). Since these two areas include major ports of entry for oilseed rape imported mainly from Canada, the transgenes are likely to have been derived from imported seeds that were spilled during transportation. Four sampling sites on Yokkaichi roadsides where herbicide-resistant seeds were detected were distributed over ca. 40 km of route 23, which is a transportation route from Yokkaichi port. Location 1-03 was ca. 5 km south of Yokkaichi port, sampling sites 1-05 and 1-06, which were ca. 300 m apart from each other, were ca. 15 km south-west of sampling site 1-03, and sampling site 1-07 was ca. 20 km south of the previous two adjacent sampling sites (Fig. 1b) . In addition, sampling site 4-02 on a Yokkaichi riverbank was under a bridge over a river on route 23, and was only ca. 300 m from sampling site 1-03 on the other side of the river (Fig. 1b) . Locations 1-15 and 1-16 in the Hakata port, a few hundred meters from each other, were situated on a pier. These observations show that the oilseed rape plants with transgenic seeds were found exclusively along the arterial roads. Hence, it is strongly suggested that the existence of the feral transgenic oilseed rape plants was caused by the spillage of imported seeds, as Saji et al. (2005) also previously stated. Other sources of the transgenes are unlikely, since transgenic oilseed rape plants are not cultivated in Japanese fields. At sampling site 1-06, where multiple-herbicide resistant seeds were detected, two types of herbicide resistant plants were growing adjacently (Tab. 2), suggesting that imported seeds including two types of transgenes spilled out at this site during transportation.
Genotypes of detected transgenic plants and possibility of intraspecific pollen flow
Since it is known that outcrossing rates between 12% and 47% can occur between adjacent oilseed rape plants (Williams et al., 1986) , the collected B. napus seeds are likely to have been produced by both self-pollination and cross-pollination. Assuming that the collected B. napus seeds were produced by self-pollination or by crosspollination with wild type pollen, the herbicide-resistant phenotypes of all the progeny of 1-03-1, 1-06-2, 1-06-4, 1-07-1, 4-02-1, 1-16-1 and 1-16-3 indicate that those transgenic seeds were produced on transgenic maternal plants that were homozygous for each transgene (Tab. 2). On the other hand, segregation ratios to herbicide resistant/sensitive in the seedlings derived from 1-05-1, 1-15-1 and 1-16-2 indicate that the maternal plants were hemizygous for each transgene (Tab. 2). However, the possibility that the transgenic seeds were formed on nontransgenic maternal plants by crossing with transgenic pollen cannot be entirely excluded. Using the remaining seeds from plants 1-06-1 and 1-06-3, which had borne both glyphosate-resistant and glufosinate-resistant seeds, segregation ratios of progeny of these two plants were investigated for the presence or absence of the herbicide-resistance proteins (Tab. 4). The coexistence of two kinds of the herbicide-resistance proteins in a single seed suggests that maternal plants were not susceptible, but they had at least one of the transgenes, although the possibility that both of transgenes were derived from a single pollen grain with multiple-herbicide tolerance cannot entirely be excluded. Since not all the seeds were resistant to either of the herbicides, neither transgene could have been homozygous in these maternal plants. Additionally, it is possible that the glyphosate resistance of the seeds did not come from their maternal plant but from pollen of other plants, because glyphosate resistant/sensitive ratios were 5:99 and 15:32 for 1-06-1 and 1-06-3, respectively (Tab. 4), and evidently smaller than 1:1, which is the expected ratio in a maternal plant with hemizygous cp4 epsps. The plant with glyphosateresistant seeds, 1-05-1, could be a possible glyphosateresistant pollen source because the distance between 1-05 and 1-06 was ca. 300 m, and pollen can be dispersed over this distance by wind or insects (OGTR, 2002; Warwick et al., 2004) . There is also the possibility of crosspollination of these maternal plants with pollen having bar from other plants. For 1-06-1, glufosinate resistant/ sensitive ratio was 103:1 (Tab. 4) and markedly larger than 3:1 which is expected if all the seeds were obtained by selfpollination of a maternal plant with hemizygous bar, although glufosinate resistant/sensitive ratio for 1-06-3 was 40:7 which is not significantly different from 3:1. Actually, 1-06-1 and 1-06-3 were growing adjacently, and could mutually be a glufosinate-resistant pollen source. Other glufosinate-resistant plants, 1-06-2 and 1-06-4, detected in the same sampling site could also be glufosinate-resistant pollen sources (Tab. 2). Since a community at the sampling site 1-06 consisted of approximately 20 B. napus plants, there may possibly be other pollen sources that were not collected during this investigation. However, only one glufosinate-sensitive progeny seedling was detected in over a hundred seeds from 1-06-1 (Tab. 4), suggesting that seed cross contamination can not be ruled out. Thus 1-06-1 could have been homozygous for bar.
Moreover, existence of other transgenes, barnase (a ribonuclease that confers male sterility in plants, Mariani et al., 1990) and barstar (a barnase inhibitor that restores fertility to male sterile plants, Mariani et al., 1992) , introduced into B. napus accompanied with bar, was also investigated in progeny of 1-06-3 by PCR using specific primers (Tabs. 3 and 5). The PCR products of expected length were detected for these two transgenes (data not shown) and their nucleotide sequences were identical to a part of DNA sequences registered in INSD as barnase (accession no. E31988) or as barstar (accession no. A21284). The varied genotypes of these additional transgenes observed in the progeny of 1-06-3 also suggest that at least one pollination event occurred between two herbicide resistant varieties of transgenic plants, although the numbers of seedlings were too small to reach a statistically significant conclusion. These results also demonstrated that the glufosinate-resistant B. napus seed pool imported into Japan had both barstar and barnase. However, since barnase/barstar hybrid lines approved to be cultivated in Canada (Agbios GM database, http:// www.agbios.com/dbase.php) can produce multiple genotypes of seeds, those imported seeds that might potentially escape and become parental plants seem to have not a single genotype with barnase and barstar but multiple genotypes. Namely, all imported seeds may not have hemizygous barnase and hemizygous barstar, for 1-06-3 6 (2) 31 (7) 9 (2) 1 (1) 47
Results were obtained using seedlings from seeds in addition to those in Table 2 . Numbers of tested seeds are in parentheses, included in total. 1 The number includes two glufosinate-resistant seedlings which were confirmed not having glyphosate-resistance protein CP4 EPSPS, but does not include the remaining 22 glufosinate-resistant seedlings which were not tested for the CP4 EPSPS (see Tab. 2 3 ). The same seedling group as shown in Table 2 2 . There were no wild-type genotype seedlings.
example, but they may consist of multiple genotypes, such as homozygous barnase and no barstar, hemizygous barnase and homozygous barstar, and so on. Hence, the genotype of the parental plants can hardly be determined by segregation pattern of these two genes in progeny.
Thus, intraspecific gene flow as a result of pollen flow is likely to have occurred between transgenic maternal plants and other transgenic plants. Although Simard et al. (2005) have reported that glyphosate-and glufosinateresistant B. napus plants had similar fitness to singleherbicide-resistant plants, persistence of the multipleherbicide-resistant plants should be investigated in the future around the sampling sites where they were detected, in order to monitor herbicide-resistant gene flow in the feral populations of oilseed rape plants. Since the genotype of the maternal plants 1-06-1 and 1-06-3, was not investigated directly, it is not clear whether multipleherbicide-resistance in the progeny of these plants was brought about by a single cross-pollination in this generation in Japan, or whether multiple-herbicideresistant hybrid seeds had been produced in Canada. Collection of tissue parts of maternal plants, such as seedpods or stems, will be indispensable to future investigations.
Two transgenic oilseed rape varieties investigated in this study have been approved to be imported into Japan since 1996 and transgenic B. napus plants with glyphosate-resistance or glufosinate-resistance transgenes were first detected in Japan in 2003 (Saji et al., 2005) . Therefore, regardless of the probability of crossing between two transgenic varieties, the time since the first detection of feral transgenic B. napus plants in Japan is too short for discussion of the formation of self-sustaining populations.
Interspecific flow of transgenes
The plants with transgenic seeds were limited to B. napus, which is the only imported transgenic species in this genus; no transgenic offspring were detected in any seeds collected from B. rapa or B. juncea (Tab. 1 and Fig. 1) , as in the previous investigation (Saji et al., 2005) . Thus, transgene introgression into these species has not yet been found, even at the Yokkaichi riverbank sampling site where a community of B. juncea plants was located ca. 80 m from B. napus plant 1-03-1 with glyphosate-resistant seeds (Fig. 1b) . However, introgression of transgenes at such sampling sites as riverbanks under bridges on the transportation routes should be investigated further, since riverbanks are a major habitat of feral Brassica species in Japan. In the present investigation, the occurrence of interspecific cross-pollination resulting in transgenic seeds at a very small portion of the collected seeds of B. rapa or B. juncea, may have been overlooked, since not all the collected seeds were tested for the existence of the transgenes and/or herbicide resistance. Nevertheless, checking a small number of seeds out of a seed pool of a maternal plant appears to be efficient enough to determine the presence of the transgene(s) in a maternal plant. While it has been reported that outcrossing between B. napus and these two related species can occur under natural conditions, reduced fitness of hybrid progeny was described (Bing et al., 1996; reviewed in OGTR, 2002) . Thus, it may be more important to detect the presence of transgenic-hybrid maternal plants producing transgenic offspring than to find cross-pollination events themselves, i.e. F 1 transgenic seeds present at very low levels in a large seed pool from wild-type maternal plants.
CONCLUSION
This is the first report that suggests the occurrence of outcrossing between crop plants with different transgenes in feral Brassica populations in Japan, a country where the corresponding transgenic crop plants have not been commercially cultivated, although the detection of transgenic oilseed rape, including multiple-herbicidetolerant volunteers, outside cultivation has already been reported in Canada (Hall et al., 2000; Warwick et al., 2004) . The presence of multiple-herbicide resistant seeds implies a probability of pollen-mediated intraspecific gene flow in natural conditions. There also seems to be an opportunity of seed-mediated gene flow from imported transgenic oilseed rape to current feral populations of Brassica species in Japan. Our investigation is proceeding to monitor establishment or propagation of feral transgenic oilseed rape plants as well as intraspecific and interspecific flow of the transgenes at sampling sites where transgenic seeds were detected in the present investigation. The results obtained in the present study, together with the results of our previous study (Saji et al., 2005) , suggest that feral transgenic oilseed rape plants are growing in some areas in Japan.
MATERIALS AND METHODS

Sampling and analyses of herbicide resistance
We collected seeds from May to July 2005 from a plant each of B. napus, B. rapa, and B. juncea found growing at each sampling site. The average seed number per plant was approximately 1300 ± 870 SD calibrated by the weight of 10 seeds. Since these species are highly outcrossing, insect-pollinated plants, sampling from a maternal plant allows sampling of many paternal plants. The seeds were collected from a total of 95 sampling sites in seven areas west of Tokyo (Shimizu, Yokkaichi, Sakai-Senboku, Uno, Mizushima, Kita-Kyusyu and Hakata) where major ports exist. A portion of the seeds (approximately 20 per plant) from each maternal plant was sown in a plastic case set in a glasshouse and a total of 917 B. napus, 837 B. rapa and 3624 B. juncea seedlings were treated twice (at 3 weeks and at 4 weeks after sowing, the four-to five-leaf stage) with 33.4 kg ae.ha -1 glyphosate (Roundup Highload, Monsanto, St. Louis, MO, USA). Another portion of the seeds of similar numbers, also from each maternal plant, was similarly grown and a total of 897 B. napus, 738 B. rapa and 2920 B. juncea seedlings were treated twice (at 4 weeks and at 31 days after sowing) with 7.5 kg ai.ha -1 glufosinate (Basta, Hoechst Schering AgrEvo, Frankfurt, Germany). Seedlings that survived these herbicide treatments were analyzed as described below to detect the presence of transgenes. Another portion of the collected seeds (5 per plant) from each maternal plant was used in immunochemical chromatography (see below) to test for the presence of the products of the glyphosate-resistance and/or glufosinate-resistance transgenes. A B. napus maternal plant, 1-06-3, was presumed to have multiple-herbicide resistant progeny by previously performed immunochemical analysis of seeds. Thus 35 seedlings derived from 1-06-3 were first analyzed immunochemically then the expected resistance to appropriate herbicide(s) of each seedling was confirmed. Four or 24 seedlings were treated with glyphosate or glufosinate, respectively, and 7 seedlings were successively treated with glyphosate and glufosinate. Only glufosinate resistance but not glyphosate resistance was detected in the previous immunochemical analyses of a portion of seeds from another B. napus maternal plant, 1-06-1. Of 20 seedlings treated with glyphosate, however, two seedlings unexpectedly survived, and these two seedlings were then treated with glufosinate.
Immunochemical analyses
For immunochemical chromatography, crude extracts of leaf tissue or seeds were analyzed to detect the enzyme that confers resistance to glyphosate (CP4 EPSPS), and/or the enzyme that confers resistance to glufosinate (PAT), using the TraitChek LL Test Kit (Strategic Diagnostic Inc., Newark, DE, USA) and the Reveal kit (Neogen, Lansing, MI, USA), respectively, as described (Saji et al., 2005) .
DNA analyses
DNA was extracted from another leaf of the herbicideresistant plant using Nucleon PhytoPure, a plant DNA extraction kit (Amersham International plc, Buckinghamshire, UK) and analyzed by means of PCR, using the sets of primers for cp4 epsps, bar, barnase and barstar genes (Tab. 3). Amplifications using ca. 100 ng of extracted DNA were carried out in 20 µl reaction mixtures containing 1 X PCR buffer (Takara Bio Inc., Shiga, Japan), 0.2 mM of each dNTP, 1 µM of each primer and 2.5 U of Ex-Taq polymerase (Takara Bio Inc., Shiga, Japan), with denaturation at 94 °C for 3 min, 35 cycles of denaturation at 94 °C for 1 min, annealing for 2 min at 55 °C/60 °C for barnase/the other three genes, respectively, elongation at 72 °C for 3 min, and final elongation at 72 °C for 10 min. The PCR-amplified products were then subjected to electrophoresis on 4%-agarose gel. The DNA bands of appropriate sizes were recovered from the gel and their nucleotide sequences were determined using a DNA sequencer (PRISM-3100 or PRISM-3700, Applied Biosystems, Foster City, CA, USA) to confirm that these products corresponded to fragments of the respective genes.
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